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As apartof NASA’s New Millennium program, capability needs for future carth science space
missions have been collected, appropriate technologics to meet these capability needs identificd
and asct oI candid ale mission architectures developed. This paper describes the process that was
used and lists the capability needs for future carth science missions that resulted from that
Process.

NASA’s New Millennium Program has the goal of revolutionizing space and carth scicnce
programs to achicve exciting and frequent missions in the 21st century. The approach taken
involves developing and validating revolutionary technologics, reducing development times and
life cycle mission costs, cnabling highly capable and agile spacecraft and promoting nationwide
tcaming and coordination. The program aims to demonstrate high value technologics through a
serics of near term validation flights where technology demonstration is the overriding mission
goal. The technology validation flights are carried with the help of Integrated Product
Development Teams (IPIT) which are responsible for identifying and supplying high valuc
technologics to the flight system development teams.

The program began with a deep space emphasis but it has recently begun to focus additionally on
the needs of NASA’s Mission to Planct Earth (MTPE). Because of future budgetary constraints
the program has cstablished the goals of ensuring continuity of existing critical arth Observation
System (EOS) measurements at reduced cost as well as performing additional important
measurements cnabled by new technology. The response of New Millennium to meet the MTPE
goals is to demonstrate high technologics of specific value to future carth science missions i a
serics of low cost, rapid turnaround carth orbiting missions catricd out within the programmatic
structure of the New Millennium Program.

‘The first step in focussing on carth science necds was to collect the views of two major
constituencics. The first 0  these was a group of carth geientists who met at a workshop held in
Landover Maryland in March 1995. This group identificd technology ¢ apability needs of fourteen
future cart h science mission themes. A matrix showing the mission scicnce themes s, tcchnology
needsis shownin Figurc 1. The assembled group identified six of these missions as the most
likely candidates for ncar term science missions and thus deserving of the first priority in
identifying promising tcchnologics to meetthe capability needs. In April 1995, the New
Millenninm Science Working Group met in Pasadena and five new members were added to
represent the MTPY program . Al this meeting a seventh mission was added to the list of highest



priot ty for technology identification.

‘The other major constituency was FOS as represented by two groups, the Mission to Planct Hartls
Program Office and the science instrament developers. A program office working group was
~stablished to identify the future technology needs of instraments, spacecraft and operations and
the results were documented in a Technology Infusion Plan which is summarized here. Direct
input from major instrument developers was the source of other capability nceds.

The second step in the process was (o integrate and quantify the performance of the two scts of
capability nceds. The results of this cffort arc shown in Figure 2. This shows that in most cases
the required capabilitics were clustered in one part of the performance spectrum with onc or two
outlicrs that desired significantly greater performance.

Once the capability needs were identif icd, they were transmitted to the 101 YT's so that they could
identify technologics to supply the appropriate functionality and performance. Concurrent with
the IPYT activity a scries of technology validation mission architcctures was defined to focus the
discussion. The candidate validation missions are described in Figure 3. The technology identificd
by the IPDT had to fitin the Jow cost mission architectures that were identified. The mission
architectures were designed o fit the cost and schedule constraints imposed by the expected
program funding profile. Some of the important features of these mission architectures were the
following: a) short mission development cycles with a goal for the first launch date in late 1998;
b) small, low cost launch vchicles, the biggest being of the LLV/Faurus class, the smallest of the
hall-Pegasus class; ¢) short mission Jifetimes determined by the time required to validate the
technology; d) cach mission demonstrates an advanced end-to-end science mecasurement although
(here are No scicnce measurcinent requirements as such, only those necessary to validate the
measurement

Concurrent with the process described above, a National Rescarch Council pancl was studying the
current BOS architecture and making recommendations for the future. As a result of this study,
NASA decided that the major payoff for future EOS missions would come from an investment in
the science instruments themselves rather than the spacecraft or other infrastructure that support
them. New technology instruments will be smaller and can be supported by smaller, lower cost
Jaunch vehicles and spacceraft. 1t was therefore decided that the major portion of the new
tcchnology investment in the demonstration missions should go toward advanced tcchnology
instruments rather than spacecraft technology.

The subscquent mission definition process has concentrated on identifying new technology
instruments that can lead to dramatically smaller HOS instruments than those presently in usc.
A sct of high valuc spacceraft technologics has also been identified as flight candidates.
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NEW MILLENNIUM PROGRAM

INTEGRATED EARTH MISSION CAPABILITY NEEDS

HIGH BANDW!DTH DATA BUS o

“TALL POLES”
SPACECRAFT NEEDS

_____________________________________________________ MOST NEED: SOMENEED:

e BOOW KW+

T 4B.000-30,000 CYCLES

.................................................................. <200GB o US2TB
32BIT

<somB/fS . B0OMB/S

MINIATURIZED, LOW coSsT ATT’TUDE

'DETERMNATION _0\1DEG . 00l1DEG... .
ORBIT DETERMINATION it O <1OCM
'PRECISE ATTITUDE DETERMINATION = .. 0.01DEG 0.001DEG FORPIXEL CO-REGIS.
ULTRALOW COST S/C S100K/EA., >100 S/C .
FORMATIONFLYNG J10-100KM 1KM

MIC RO PROP UL SION O.IN
DRAG COMP EN S ATION oo 1e-4M/SEC2 oo
HIGH BANDWIDTH COMM. 50 - 150MB/S, PHASED ARRAY 600MB/S
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NEW MILLENNIUM PROGRAM
IINTEGRATED EARTH MISSION CAPABILITY NEEDS

“TALL POLES”
SENSOR NEEDS

SENSOR cAPABUTY ... MOST NEED: o SOME NEED:

U‘HEFOLLOVVNGAREALLSTROVGLYDEF’ENDENTO\’THEMEASUREMENTTECHN@UE) ______________________________________________________
UGHT,THERMALLY STABLE OPTICALMATL. & .. SIC .
UV, VISR MM DETECTOR & ARRAYS " UV-12MICRON ' ~ 8-16MICRON,QWIP; -2 5-5MM MMIC
HIGHPERFT\ARROWBAVDOP“CALF’LTERS ............................................................................................................................................................. 8%
H!GHQUANTUVEFFPE—DTOVIULTTPUERTUBE ........ e ozAMICRON.

'EFF.,LONG-LUIVED SOUID STATE LASERS

AUTONOM éUébﬁﬁCALAUGNMEN# """"""""""""""

' DATA COMPRESSION ASICS
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NEW MILLENNIUM PROGRAM
INTEGRATED EARTH MISSION CAPABILITY NEEDS

“TALL POLES”
OPERATIONS NEEDS
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CANDIDATE TECHNOLOGY DEMONSTRATION IONS
VIS10ON- ENSURE CONTINUITY OF EXISTING EOS MEASUREINE%? (9(')\1:&_8 AT

MUCH REDUCED COST
.LAND IMAGER REPLACEMENT
KEY OBJECTIVES
. DEMONSTRATE ADVANCED LAND IMAGER
.CO-FLY WITH LANDSAT, EOS OR SSTI/LEWIS
— SCIENCE APPLICATIONS
. HIGH RESOLUTION MAPPING FOR COASTAL

ZONE PRODUCTIVITY, VEGETATION
B1OCHEMISTRY, ARID REGION GEOLOGY

NMP MISSION - KEY TECHNOLOGIES
LOW MASS, THERMALLY STABLE WIDE FOV
OPTICS

.AUTONOMOUS STATIONKEEPING

* ATMOSPHERIC TEMPERATURE & MOISTURE SOUNDER

KEY OBJECTIVES

. DEMONSTRATE ADVANCED TEMP. &
MOISTURE MEASUREMENT

.CO-FLY WITH EOS/ AIRS
SCIENCE APPLICATIONS
.WEATHER PREDICTION & CLIMATOLOGY
KEY TECHNOLOGIES
LOW MASS, THERMALLY STABLE OPTICS ,
.AUTONOMOUS STATIONKEEPING |

NMP MISSION
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7 CANDIDATE TECHNOLOGY DEMONSTRATION MISSIONS
VISION- ENSURE CONTINUITY OF EXISTING EOS MEASUREMENT GOALS AT
MUCH REDUCED COST
. ATMOSPHERIC CHEMISTRY
KEY OBJECTIVE

» DEMONSTRATE TROPOSPHERIC POLLUTANT
MEASUREMENT

SCIENCE APPLICATIONS

.MONITORING OF KEY TROPOSPHERIC &
STRATOSPHERIC CHEMICAL POLLUTANTS

KEY TECHNOLOGIES

.ADVANCED DETECTORS
.LIGHTWEIGHT OPTICS

. GPS CONSTELLATION
KEY OBJECTIVE

‘4 GpssATELUTES .DEMONSTRATE MULTI-PLATFORM, LOW COST
& ATMOSPHERIC SOUNDING
& .DEPLOY 6-12 LOW COST, LOW MASS SATELLITE
CONSTELLATION
NMP_ MISSION
T SCIENCE APPLICATIONS

%%‘I*g%gﬁ IN .WEATHER PREDICTION & CLIMATOLOGY
.3D IONOSPHERE IMAGING

.GEOID MEASUREMENT

KEY TECHNOLOGIES

* GPS ON A CHiP

.1-5 KG AUTONOMOUS S/C
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CANDIDATE TECHNOLOGY DEMONSTRATION MISSIONS
VIS1ION- NEW EOS MEASUREMENTS ENABLED BY NEW TECHNOLOGY

INFLATABLE SAR ANTENNA -LIGHT SAR
Q \ T ‘) - KEY OBJECTIVES
.DEMONSTRATE LIGHTWEIGHT SAR
/ - SCIENCE APPLICATIONS
.LAND TOPOGRAPHY, BIOMASS & HAZARD
MONITORING
Q ) - KEY TECHNOLOGIES

.LIGHTWEIGHT SAR ELECTRONICS
* INFLATABLE SAR ANTENNA

LIDAR
- KEY OBJECTIVES

.DEMONSTRATE ADVANCED LIDAR
COMPONENTS

- SCIENCE APPLICATIONS

* TROPICAL, TROPOSPHERIC WIND, CLOUDS&
AEROSOLS

- KEY TECHNOLOGIES
* LIGHTWEIGHT, HIGH EFFICIENCY LASER
* ADVANCED POWER COMPONENTS




